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INTRODUCTION 

The a v a i l a b i l i t y  and a c c e s s i b i l i t y  o f  peat as a domestic f o s s i l  resource have been 
w e l l  pub l i c i zed  by  Minnesota Gas (Minnegasco) and the  I n s t i t u t e  o f  Gas Technology 
(IGT) (References 1 and 2) .  I t  has been establ ished t h a t  peat, w i t h  an estimated 
1440 quads ( lo15 Btu)  o f  a v a i l a b l e  energy, i s  second o n l y  t o  coa l  as t h e  most abun- 
dant  f o s s i l  energy resource i n  the  Un i ted  States.  Also, hyd rogas i f i ca t i on  tes ts  a t  
IGT (Reference 1) have shown t h a t ,  due t o  pea t ' s  unique p roper t i es  o f  h igh  vo la -  
t i l i t y  and hydrogen-to-carbon r a t i o ,  peat i s  h i g h l y  r e a c t i v e  y i e l d i n g  good conver- 
s ion  t o  methane. 

Based on these s tud ies  and t h e  concurrent DOE-sponsored* development o f  a sho r t  
residence t ime  coal  h y d r o g a s i f i e r  a t  Rockwell I n te rna t i ona l ,  w i t h  the  C i t i e s  
Service Research and Development Company as a subcontractor,  an add i t i ona l  task  
t o  the  e x i s t i n g  DOE c o n t r a c t  was establ ished t o  f u r n i s h  a p re l im ina ry  performance 
p r o f i l e  f o r  peat i n  t h e  Rockwell hyd rogas i f i e r .  Rockwell and C i t i e s  Service have 
entered i n t o  an agreement t o  develop j o i n t l y  short-residence-t ime, f l a s h  hydro- 
py ro l ys i s  process technology. Acknowledgement i s  g iven  t o  both Louis Jablansky 
and Melvyn.Kopstein o f  DOE f o r  t h e i r  admin i s t ra t i on  o f  t h i s  add-on e f f o r t .  

The background technology and d e t a i l s  o f  development f o r  t h e  Rockwell hyd rogas i f i e r  
reac to r  have been p rev ious l y  repor ted  over t h e  l a s t  few years (References 3, 4, 
and 5 ) .  However, a b r i e f  review i s  necessary t o  es tab l i sh  t h e  cond i t ions  under 
which the  peat  hyd rogas i f i ca t i on  t e s t s  were made. 

The Rockwell r e a c t o r  i s  based on the  a p p l i c a t i o n  o f  rocke t  engine techniques t o  
achieve r a p i d  mix ing-react ion a t  optimum temperature and residence time. Adjustment 
o f  reac tor  cond i t i ons ,  p r i n c i p a l l y  temperature and residence time, a l lows a range o f  
product d i s t r i b u t i o n  from predominant ly l i q u i d s  t o  complete g a s i f i c a t i o n  t o  subs t i -  
t u t e  na tu ra l  gas (SNG). 
byproduct BTX (benzene, to luene, and xy lene) .  

Successful operat ion has been demonstrated a t  engineer ing sca les  from 1/4- t o  1-ton/h 
( tph )  feedrates.  Th is  success was achieved by feed ing  dry,  pu l ve r i zed  carbonaceous 
s o l i d s  ( coa l  o r  peat)  i n t o  the  reac to r  w i t h  a minimum o f  c a r r i e r  gas (dense-phase 
f low) and there ,  ach iev ing  almost instantaneous mix ing and concurrent heat ing  w i th  
a preheated gaseous hydrogen stream. Reactor cond i t ions  were c o n t r o l l e d  t o  produce 
t h e  des i red  products ( l i q u i d s  o r  gas). The cu r ren t  reac to r  development program (DOE 
Contract  ET-78-C-01-3125) w i l l  op t im ize  t h e  i n j e c t o r - r e a c t o r  con f igu ra t i on  a t  4 tph 
and be a f u l l - s c a l e  element f o r  s t ra igh t fo rward ,  mu1 t i -e lement  sca l i ng  t o  commercial- 
s i z e  reac tors .  

In termediate cond i t ions  permi t  maximized y i e l d s  o f  

REACTOR SYSTEM 

A d e s c r i p t i o n  of  t he  dense-phase, d ry -so l i ds  feed system has been presented i n  
previous papers and r e p o r t s  (References 3 and 41. Without mod i f i ca t i on ,  t h i s  

*Hydrogasi f ier  Development f o r  the  Hydrane Process, Contract  EX-77-C-01-2518, 
LOUiS Jablansky, Department o f  Energy (DOE) Program Manager. 
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s i o n  and s p e c i f i c  conversion t o  l i q u i d s  
( the d i f f e rence  i s  t he  conversion t o  gas). 
L i q u i d  byproduct can be e l im ina ted  by 

As Dry h igh  temperature (>18OO0F) and longer  
Received residence t ime (12.8 s). Data p o i n t s  a re  

segregated i n t o  two reac to r  exhaust tem- 
9.40 - perature groups. This  graph shows t h a t  

~ i ~ ~ ~ ~ ~ t ~  peat 

16-87 18 62 conversion i s  a f u n c t i o n  o f  residence 
53.76 59'34 t ime and temperature predominantly and 
19.97 22104 e s s e n t i a l l y  independent o f  pressure 

w i t h i n  the  range of 500 t o  1500 ps ig.  

42:44 46-84 shown i n  F igure 4. The t o t a l  carbon 
9 40 - The m i l d  e f f e c t  o f  r e a c t o r  temperature i s  

4-50 4-97 conversion increases s l i g h t l y  as reac to r  
1.60 1 77 tempgrature i s  increased from 1550 t o  
0.03 0'03 1850 F. The apparent e f f e c t  o f  pressure 
0.18 0.20 i n  F igure 4 i s  caused by t h e  concurrent 

16-87 18:62 increase i n  residence t ime as pressure i s  
24.98 27.57 increased i n  a g iven reac to r  con f igu ra t i on .  
7,596 8,328 Two d i f f e r e n t  s i z e  reac to r  tubes were 

used t o  i s o l a t e  the e f f e c t  of pressure 



from residence time. 
Run 54, which had a reac tor  temperature of only-1000 F, a r e  dramatically shown i n  
Figure 4. 

Conversion to  benzene as a function of reactor temperature i s  magnified i n  Figure 5.  
Conversion ranged from 0.0 t o  11.7 w t  % benzene a s  an inverse function of temperature 
and residence time. This graph (Figure 5) i s  useful fo r  defining reactor conditions 
required f o r  elimination of l iqu id  product. One hundred percent s e l ec t iv i ty  to  gases 
w i t h  an overall  carbon conversios o f  84% i s  a t ta inable  in a 3-s residence reactor a t  
reactor temperatures above -1850 F. 
gas composition f o r  peat ind ica te  tha t ,  i n  general, the carbon i s  converted primarily 
to  CH4 and CO a t  a mole r a t i o  of - 2 : l  (CH4 t o  C O ) .  Almost a l l  of the carbon monoxide 
r e su l t s  from the r e l a t ive ly  h i g h  oxygen content o f  the peat. 

The low overall  conversion and Jow conversion to gases of 

As shown in Table 2 ,  analyses of the product 

DISCUSSION 

Using a computerized ana ly t ica l  model of the f lu id  dynamics and spec i f ic  hydrogena- 
t i on  reactions,  previously developed for  coal conversion (Reference 6 ) ,  peat resu l t s  
show consistent agreement w i t h  coal data (see Figure 6 ) .  The model assumes steady- 
s t a t e ,  one-dimensional (plug) flow, which i s  typical of the uniform flow patterns o f  
rocket-type in jec tors  a t  shor t  distances from the in jec tor  face. 

In order to  compare these peat r e su l t s  f o r  the Rockwell hydrogasifier with other peat 
hydrogenation inves t iga t ions ,  the t e s t  data were plotted on a published IGT graph o f  
hydrocarbon gas y i e ld  vs reactor temperature (Reference 1) for s imi la r  peat hydro- 
gas i f ica t ion  t e s t s .  Figure 7 shows t h i s  comparison. The Rockwell data a re  seen t o  
be consistent with extrapolation of the IGT data to  high reactor temperatures, and 
therefore to  higher conversion leve ls .  
peat i n  the unmodified Rockwell coal hydrogasifier, these h i g h  conversion 'levels 
provide encouraging support t o  the concept o f  peat hydrogasification t o  produce SNG. 
A commercial peat SNG p lan t  might d i f f e r  from one based on coal mainly in the more 
s t r ingent  requirements f o r  drying the peat and f o r  methanating the grea te r  quantity 
of carbon monoxide. 

Together with the re la t ive  ease of processing 

CONCLUSIONS 

The resu l t s  of t h i s  experimental investigation c l ea r ly  demonstrate t h a t  the  Rockwell 
Flash Hydrogasifier i s  one of the most ef fec t ive  reactors f o r  converting peat t o  SNG. 
Overall carbon conversions up to  84% with benzene byproduct yield ranging from 0 t o  
nearly 12% were achieved. Both overall  carbon conversion and conversion t o  benzene 
were found t o  be functions of reactor temperature and residence time, but not t o  
depend upon reactor operating pressure. 
as a prime candidate f o r  converting our abundant peat reserves t o  SNG. 

Rapid hydrogasification should be considered 
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Run 
NO. 

44 
45 
46 
47 
48 
49 
50 
51  
52 

Reactor Condi t ions Carbon Conversion Heating 
f % )  Value 

Diameter -p oT TR H /Peat To ta l  CH4 co Benzene* (Hz-Free Basis) 
( i n . )  ( w i g )  ( F) (5) 2 (Btu/scf)  
4.26 1500 16853.7  0.66 8 4 . 9 5 8 . 7 2 3 . 3  2 .1  808 
4.26 1000 1667 2.6 0.61 80.8 49.9 24.0 5.8 778 
4.26 1000 1815 1.8 0.93 83.3 52.7 28.3 1.2 76 1 
4.26 500 1610 1.3 0.53 76.6 39.8 24.8 10.5 731 
4.26 500 1760 1.1 0.84 79.0 42.7 27.1 7.9 732 
4.26 1500 1825 2.8 0.90 84.2 59.3 24.0 0.0 788 
2.83 1500 1847 1.2 0.85 83.8 56.4 25.0 1.5 792 
2.83 1500 1584 1.7 0.60 80.1 43.0 24.4 11.7 752 
2.83 535 1825 0.5 0.57 73.4 38.9 25.3 7.9 726 



e 1500 s- 0 1000 

0 I I t 
800 1000 1500 

REACTOR TEMPERATURE l°Fl 

931 7-1 03 

, 

REACTOR TEMPERATURE (OF1 
931 7-104 

Figure  5 .  Carbon Conversion t o  Benzene as  a Function of 
Reactor Temperature 
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Figure 6. Comparison of Reactor Model With 
Experimental Data 
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Figure 7. Comparison o f  Hydrocarbon Gas Yields for Peat 
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